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ABSTRACT 
The east and west coast populations of wild Penaeus monodon in India were geneticai~y 
characterized by RAPD analysis using six highly polymorphic primers reported earlier. The av.erage 
genetic similar~ties within populations, based on profiles generated by all the six primers, were 
0.828 and 0.851 for the east and west coast populations, respectively, values with individual 
primers ranging from 0.744 to 0.889. The average genetic similarity between populations across 
ail the primers was 0.774. The number of bands found to be polymorphic were 38 (51.35%} 
(50.68%) in the east and west coast populations, respectively. Primer 5 yielded tne highest ieveu 
polymorphism (63.63%) in the east coast population whereas primer 3 yielded the lowest level of 
polymorphism (36.36%) in the west coast population. The study reveals the existence of genetu•t 
variation in P. monodon stocks providing scope for genetic improvement through selectilve 
breeding. It also provides baseline data for future work on population structure analysis o'J iP, 
monodon. 
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INTRODUCTION 
One of the fastest growing 
aquaculture production sectors is that of 
penaeid shrimp. The Marine Products Export 
Development Authority (MPEDA) has 
estimated that the country exported 0.61 
million MT of sea food worth Rs. 8,347 crores 
during the 2005-06. Shrimp has been the 
major commodity of the marine products 
export from India, earning a value of Rs. 4,507 
crores (55%) for the country. The coastal 
aquaculture contributed substantially to 
shrimp production for export purpose and 
84% of the shrimp exported in value terms 
was sourced from aquaculture (MPEDA, 2006). 
Of penaeid shrimps the tiger shrimp Penaeus 
monodon is one of the world's most 
economically important cultured crustaceans. 
Estimation of genetic variabinty and 
the development of markers for identification 
of stocks can play an important role in the 
genetic improvement of species through 
selective breeding. This knowledge would also 
be very useful for managing the hatchery 
stocks. Many molecular techniques are now 
available which allow ecologists and 
evolutionary biologists to determine the 
genetic architecture of a wide variety of closely 
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related individuals. Randomly amplified 
polymorphic DNA (RAPD) profiles have been 
used earlier to genetically distinguish 
between closely related species, varieties 
and populations (Williams et a/., 1990; 
Mulcahy et a!., 1993; Garcia et al., 1994; 
Benzie, 1998; Vicario et al., 1995; Benzie et 
a/.,1997). 
Tassanakajon et a/. (1997, 1998) 
have documented geographic population 
differentiation of P. monodon in Thailand 
using RAPD analysis with six reliable 
polymorphic primers. The present study uses 
the same six primers to screen two 
populations of P. monodon from the east and 
west coasts of India. This is the first report on 
genetic variability within and between these 
two P. monodon stocks. 
MATERIALS AND METHODS 
Sample Collection 
P. monodon (30 individuals from 
each population) samples were collected 
from two different geographical locations, 
viz. off-Mumbai on the west coast and the 
Andaman islands on the east coast in 
September 2003. The samples were 
preserved in absolute alcohol and stored at-
800C prior to DNA extraction. 
Extraction of Genomic DNA 
Total genomic DNA was isolated 
from muscle tissue of pleopods according to 
the method of SDS-phenol/chloroform as 
described by Williams et al. (1990) with some 
modifications. Shrimp muscle (0.5 mg) was 
cut into small pieces and crushed using a 
sterile porcelain mortar and pestle in the 
presence of 1 ml chilled TEN buffer (50 mM Tris-
HCI, pH 8.0, 10 mM EDTA, 100 mM NaCI) and 
transferred to 2 ml eppendorftube. To this tube 
proteinase K (300 g/ml), sucrose {1%) and SDS 
(2%) were added. After incubation at 60°C, the 
lysate was extracted once with phenol and 
twice with chloroform/isoamyl alcohol. The 
DNA was precipitated with isopropanol, 
washed once with 70% ethyl alcohol and 
suspended in TE (10mM Tris, 1mM EDTA, pH-
8.0) according to the standard protocol .The 
DNA was quantified spectrophotometrically 
and stored at4°C. 
RAPD-PCR amplification and product 
analysis 
The six-decanucleotide primers (Table 
1) reported by Tassanakajon eta!. (1997) were 
used to generate RAPD profiles with a 
modification of the procedure described by 
Tassanakajon etal. (1997). 
DNA amplification reactions were 
performed in 200 moi/L each of dNTPs, 2 
mmoi/L MgCI2, 1x standard Taq polymerase 
buffer, 0.2 mol/l random primer (procured 
from Bangalore Genei, India), 40 ng of genomic 
DNA and 0.75 U of Taq polymerase in a final 
volume of 25 I. All the reagents were procured 
from Bangalore Genei, India. PCR conditions 
were set as: Initial denaturation at 95°C for 2 
min, followed by 35 cycles of denaturation at 
94°C for 30 s, annealing at 36°C for 1 min, 
extension at 72° C for 2 min and final extension 
at 72°C for 8 min (Garcia and Benzie, 1995). 
Amplified DNA was separat<::d by 
electrophoresis through 2% agJrose gel 
containing ethidium bromide in 1 x TAE buffer 
at constant voltage of 80 V (Maniatis et a/., 
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1982). The gels were imaged using Syngene 
Gel Documentation System, UK. The 100 bp 
DNA ladder (MBt-Fermentas) covering 100 to 
1000 bp range was used as size standard. The 
sizes of major bands were determined by the 
Syngene Gene Tool Software on the gel 
documentation system. 
RAPD-Band Data Analysis 
RAPD profiles of individuals were 
scored based on band presence (1) or 
absence (0). The index of similarity (F) 
between individuals of one population, i.e. 
intra-population genetic similarity was 
calculated using the formula (Nei and U, 
1979), Fxv=2nxvf(nx+nv), where nvx is the 
numberofRAPDfragments shared by the two 
individuals, and nx and nv are the numbers of 
RAPD fragments scored in each individual. 
Within population similarity (F) is calculated 
as the average of Fxv across all possible 
comparisons between individuals within a 
population. 
The genetic distance (d) was 
calculated using the formula of Hills and 
Moritz (1990), d = 1-F. 
Between population similarity, 
corrected for within population similarity is, 
Su = 1 +S'u- 0.5 (S1 + S1), where S1 and S1 are the 
values of S for populations i and j respectively 
and S'u is the average similarity between 
randomly paired individuals from 
populations I and J (Lynch, 1990). It is 
possible for the value ofSu to exceed 1. 
S'u was also converted to a measure 
of genetic distance (Du) using the equation, Du 
=-In [S'u/ (S1S1) (Lynch, 1991). Ttie statistics can 
be calculated for each primer separately or for 
the combined data for all primers. In the 
present study, the values were calculated for 
each primer separately. 
RESULTS 
RAPD Profiles 
In this study, RAPD-PCR technique was 
used to assess the level of genetic diversity 
within and between the east and west coast 
populations of the giant tiger shrimp. Six 
random decanucieotide primers that have 
been reported to yield consistently 
reproducible and polymorphic profiles were 
used in the study. Banding patterns generated 
with primers 1 to 6 (Fig. 1-3) were primer 
dependent and, therefore, variable. All the 
primers produced good and consistent results. 
Each primer generated 7 to 16 scorable bands. 
A total of 74 and 73 bands ranging from 200 to 
2200 bp in size were amplified for the east and 
west coast populations, respectively, by all the 
six primers (Table 1). The number of bands 
found to be polymorphic (indicated by white 
arrowheads in the Fig. 1-3) were 38 (51.35%) 
and 37 (50.68%) in the east and west coast 
populations, respectively. Primer 5 yielded the 
highest level of polymorphism (63.63%) in the 
east coast population whereas primer 6 
showed the lowest (37.50%). In the west coast 
population, primer 1 gave the highest 
polymorphism (57.14%) while primer 3 yielded 
the lowest (36.36%). 
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Fig. 1. RAPD profile of 7 individuals using 
Primer 1. Lanes 1-4: Individuals from 
East coast population; lanes 5-7: 
Fig. 2. RAPD profile of 11 individuals using Primer 
2. Lanes 1-6: Individuals from East coast 
population; lanes 7-11: Individuals from 
West coast population with arrows 
indicating a few polymorphic bands; M: 100 
bp ladder with arrow showing the 500 bp 
band. 
Individuals from West coast population 
with arrows indicating a few 
polymorphic bands; M: 100 bp ladder 
with arrow showing the 500 bp band. 
1 2 3 4 5 6 M 7 8 9 10 11 12 
Fig. 3. RAPD profile of 12 individuals using Primer 4. Lanes 1-6: Individuals from 
East coast population; lanes 7-12: Individuals from West coast 
population with arrows indicating a few polymorphic bands; M: 100 bp 
ladder with arrow showing the 500 bp band. 
Primer 
1 
2 
3 
4 
5 
6 
Total 
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Table 1. Summary of RAPD primers and the number of bands detected for each primer within 
a range of 200-2200 bp 
Sequence %G+C Andaman Off-Mumbai 
Content 
Size No. of Polymorphic Size No. of Polymorphic 
range of bands bands(%) range of bands bands(%) 
bands bands 
{bp) (bp) 
5'GCGCCTGGAG3' 80 230-1880 13 7(53.84) 230-2050 14 8(57.14) 
5' AACGGGCAGG3' 70 240-1524 15 8(53.33) 240-1620 16 8(50.00) 
5' GGCTGCGGT A3' 70 210-1664 12 6(50.00) 286-1816 11 4(36.36) 
5'GCGGAGGTCC3' 80 286-2028 15 7(46.66) 286-2028 13 7(53.84) 
5'CGACGCCCTG 3' 80 384-2156 11 7(63.63) 440-2190 8 4(50.00) 
5' GCGTCGAG GG3' 80 320-960 8 3(37.50) 262-1466 11 6(54.54) 
74 38(51.35) 73 37(50.68) 
Table2. Estimates of genetic similarities within Table3. Estimates of genetic similarities and 
populations genetic distances between populations 
using different primers {lynch, 1991} 
Primer Andaman Off Mumbai Primer Genetic similarity Genetic 
population population {SIJ) distance (DIJ) 
1 0.813 0.744 1 0.977 0.027 
2 0.826 0.878 2 0.953 0.056 
3 0.764 0.842 3 0.910 0.117 
4 0.874 0.871 4 0.907 0.112 
5 0.808 0.883 5 0.914 0.105 
6 0.886 0.889 6 0.942 0.067 
Average 0.828 0.851 Average 0.934 0.081 
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Intra- Population Genetic Variation 
The average genetic similarities 
within populations (S) across all the primers 
were 0.828 and 0.851 for the east and west 
coast populations, respectively. With 
different primers the values ranged from 
0.744 to 0.889 in the west coast population 
and from 0.764 to 0.886 in Andaman 
population (Table 2}. 
Inter- Population Genetic Variation 
The average genetic similarity 
between populations (SIJ) across all the 
primers was 0.934 (Table 3). The genetic 
distances calculated were maximum {0.117} 
by primer 3 whereas the minimum was 0.027 
by primer 1. Genetic distance (DIJ) was 
converted from a measure of between-
population similarity corrected by the within-
population values (Lynch, 1990). 
DISCUSSION 
The RAPD profiles generated by the 
six primers revealed a high level of 
polymorphism in two Indian populations of P. 
monodon {36.36% and 63.63%). Klinbunga 
(1996) and Klinbunga et a/. (1999) reported 
46.7% and 61.4% polymorphic bands in black 
tiger prawn from two geographic locations. 
Studies by Garcia et al. (1994) on genetic 
variation in P. vannamei using the RAPD 
technique also indicated a high genetic 
variability among populations (percentages 
of polymorphic bands ranging from 39 to 77}. 
The average inter"'"population 
genetic similarity estimated in the present 
analysis is 0. 934. The values calculated by 
Tassanakajon eta/. (1998) ranged from 0.7548 
to 1.0026. It is considered that genetic 
differentiation is progressively less for those 
species whose life cycles appear to provide 
greater opportunities for mixing of 
populations. Benzie et a!. {1992) observed 
genetic differentiation between populations 
separated by over 3000 kilometers, which is 
also true for the present study. The east and 
west coast Indian populations could also be 
differentiated on the basis of sequence 
variation in the control region of the 
mitochondrial D loop, although the 16s DNA 
sequence did not reveal much variation. 
Shekhar et al. (2007) amplified a partial 
fragment of 16s rRNA mitochondrial gene from 
P. monodon samples collected from east and 
west coasts of India. The amplified 520 bp of 
16s rRNA on sequencing revealed a high level of 
sequence identity suggesting that it would be 
more useful to focus on other variable 
mitochondrial genes. 
Liu et al. (1994) suggested that six to 
seven primers were sufficient to assess genetic 
variability within and among populations of 
highly polymorphic species. Tassanakajon eta!. 
(1997, 1998) used six polymorphic and reliable 
primers to document population diversity of P. 
monodon in Thailand. O'Connell et al. (1995) 
showed that a sample size of 25 to 30 
individuals was adequate to identify all 
genotypes present in Atlantic salmon 
populations, but a larger sample is required to 
differentiate between closely related 
populations. Tassanakajon et a!. (1998) could 
differentiate five populations of P. monodon by 
analyzing a total of 100 individuals (n = 15 to 
28). Hence, in this study, the same six primers 
were used to analyze a sample size of 30 
individuals per population. 
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Optimization is essential for RAPD 
profiles, hence, the optimal program 
parameters in the present study were 
selected on the basis of consistent 
amplification and increased intensity and 
clarity of the banding pattern, according to Yu 
and Pauls (1992); Bielawaski and Puma (1995) 
and Tassanakajon eta/. (1997}. 
This work also reveals the existence 
of high genetic variation both within and 
between the two Indian P. monodon stocks. 
Natural genetic variation has the potential to 
play a key role in selective breeding programs 
for shrimp (Lester, 1983). The present results 
indicate a scope for genetic improvement of 
the species through selective breeding. 
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